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[Following  is  a  translation  of  an  article  by 
N.  S.  Petinov  and  N.  N.  Kharanyan  in  the 
Russian-language  journal  Agrokhimiya  (Agro¬ 
chemistry)  ,  No  5,  1964,  pages  144-160.] 


In  recent  years,  many  studies  dealing  with  the  physi¬ 
ology  of  rice  have  been  carried  out,  revealing  characteris¬ 
tics  of  the  vital  processes  of  this  valuable  agricultural 
plant.  '  ' 

Of  considerable  interest  are^problems  dealing  with 
the  nitrogen  nutrition  of  rice  plants,  which  is  one  of  the 
chief  factors  governing  its  harvest  yield. 

A  review  of  studies  in  this  area  and  experimental 
data  of  the  present  authors  can  expand  and  deepen  investiga¬ 
tions  of  this  important  problem  aimed  at  control  of  physio¬ 
logical  processes. 

Considered  in  this  article  are  the  following  areas: 

1)  physico-chemical  conditions  of  inundated  soil  on  which 
rice  is  grown;  2)  morphological  structure  and  chemical 
composition  of  the  root  system;  3)  physiology  of  the  ni¬ 
trogen  nutrition  of  rice;  4)  specifics  of  nitrogen  metab¬ 
olism  and  the  mechanism  of  detoxification  of  ammonia,  / 


1.  Physicochemical  Conditions  of  Inundated  Soil 
of  Rice  Fields 

Physicochemical  conditions  of  inundated  soil  greatly 
affect  absorption  by  the  plant  of  nitrogen  and  other  mineral 
elements. 
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Studying  in  detail  oxidation-reduction  processes 
occurring  in  the  soils,  Neunylov  [l]  showed  that  at  the  sur¬ 
face  of  the  root  and  in  a  thin  layer  of  soil  about  it  there 
is  established  a  strongly  oxidized  medium  compared  to  the 
strongly  reduced  medium  of  the  rest  of  the  soil  bulk.  The 
difference  in  electrical  potentials  between  root  surface 
and  the  soil  in  contact  with  it  is  0.5-0. 8  volts.  This  high 
potential  is  maintained  by  rice  roots  and  affords  opposition 
to  the  harmful  effect  of  products  of  anaerobic  decay  and  is 
utilized  also  by  reduced  compounds.  The  lower  the  oxidation- 
reduction  potential  of  the  soil,  the  more  energetically  do 
processes  of  ammonif ication  take  place.  Strongly  pronouned 
processes  of  reduction  occur  in  the  soil  of  rice  fields: 
salts  of  nitrous  acid  are  reduced  to  molecular  nitrogen,  sul> 
furic  acid  salts  to  hydrogen  sulfide,  cellulose  and  carbohy¬ 
drates  —  to  hydrogen  and  methane. 

1 

In  one  of  the  recent  studies  on  oxidation-reduction 
reactions  of  rice  field  soil  [2]  it  was  shown  that  the  high- 
yield  rfce  fields  of  Japan  are  mosaic  in  structure  with  re¬ 
gard  to  the  OV-potential  (Eh).  Plots  of  soil  with  a  high  OV- 
potential  have  a  positive  effect  on  the  absorptive  activity 
of  roots,  while  plots  with  low  Eh  result  in  a  decreased  ab¬ 
sorption  of  nutrients. 

Rice  roots  require  the  presence  of  oxygen  in  the 
rhizosphere,  which  protects  them  from  the  toxic  effect  of  re¬ 
duced  compounds  like  hydrogen  sulfide,  methane,  etc.  Oxida¬ 
tion  by  roots  of  surrounding  soil  in  which  reducing  process¬ 
es  predominate  is  an  adaptive  reaction  characteristic  of  rice. 
Free  iron  and  manganese,  which  can  be  present  in  the  soils  of 
rice  field  in  abundance  play  the  same  role  [3] .  The  presence 
of  a  thin  layer  of  iron  oxide  covering  rice  roots  has  an  ef¬ 
fect  on  their  oxidative  processes. 

Percolation  of  water  through  the  soil  vertically  down¬ 
ward  also  promotes  better  supply  of  oxygen  dissolved  in  water 
to  the  roots.  Study  of  the  effect  of  water  permeation  rate 
through  rice  field  soils  on  the  nature  of  the  development  of 
the  root  system  [4]  has  shown  that  percolation  intensifies 
the  surface  development  of  the  root  system,  the  intensity  of 
its  respiration  and  the  activity  of  its  oxidative  reactions. 

On  deluvial  soils,  relatively  poorly  drained,  containing  a 
large  content  of  organic  matter,  percolation  of  water  has  a 
greater  effect  than  on  well-drained,  fertile  soils.  This  ef¬ 
fect  is  expressed  in  increased  dry  weight  of  plants  and  grain 
yield.  Also  demonstrated  is  the  accelerated  formation  of  root 
hairs  in  the  soaking  of  water.  The  OV-potential  in  soils  with 
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percolation  and  without  it  is  the  same. 

Mituo  and  Jana tori  [5]  determined  the  chemical  analy¬ 
sis  of  the  root  system  of  rice  grown  on  well  and  on  poorly 
drained  soils.  It  was  found  that  plants  grown  on  well-drain¬ 
ed  soils  have  a  higher  phosphorus  and  protein  nitrogen  con-  ' 
tent.  The  iron  content  in  roots  is  usually  higher  in  plants 
grown  on  well-drained  soils.  Aeroating  the  water  keeps  the 
thin  surface  of  soil  in  an  oxidized  state,  characterized  by 
an  OV-potential  of  350  millivolts.  It  contains  the  follow¬ 
ing  oxidized  product:  nitrates,  sulfates,  and  ferric  ions. 
Immediately  under  this  layer,  the  OV-potential  is  reduced. 
Here,  there  are  still  present  products  in  the  reduced  state. 

Agrotechnical  investigations  of  rice  field  soils  of 
the  Kuban*  [6,  7}  have  shown  that  a  severe  drop  in  the  ni¬ 
trate  content  and  an  increase  in  ammonia  nitrogen  occurs  due 
to  reduction  processes  on  going  in  the  soil  of  the  inundated 
rate  field.  The  amount  of  ammonia  nitrogen  increases  sharp¬ 
ly  by  the  time  seedlings  appear,  as  a  result  of  high  activa¬ 
tion  of  ammonifying  bacteria  and  weak  development  of  plants 
not  wholly  absorbing  the  reserve  of  accumulated  ammonia  ni¬ 
trogen.  By  the  tillering  phase,  the  soil  content  of  ammonia 
nitrogen  is  reduced,  while  in  the  tasselling  phase,  it  is 
again  increased.  These  investigations  have  shown  that  the 
accumulation  of  ammonia  salts  in  rice  field  soil  reaches  its 
maximum  during  the  tillering-tasseling  period. 

Nitrogen  nutrition  of  rice  plants  is  primarily  deter¬ 
mined  by  the  dynamics  of  ammonia  nitrogen  in  the  soil,  the 
nitrate  forms  of  nitrogen  being  only  of  secondary  importance. 
Under  the  layer  of  water,  the  organic  matter  decomposes  with 
the  formation  of  ammonia,  which  is  readily  absorbed  by  the 
soil.  Nitrification  of  ammonia  nitrogen  occurs  in  the  oxi¬ 
dized  layer  of  soil  under  the  action  of  autotrophic  microor¬ 
ganisms.  Nitrate  and  nitrite  nitrogen  forming  in  the  oxi¬ 
dized  zone  is  denitrified,  passing  through  the  reduced  layer 
[8].  Investigations  [9]  have  also  shown  that  immediately 
after  inundation  of  the  field  with  water,  the  amount  of  am¬ 
monia  nitrogen  and  Fe++  ions  in  it  rises  sharply,  while  the 
OV-potential  is  simultaneously  appreciably  reduced.  Nitrates 
disappear  in  the  reduced  layer,  ferric  is  reduced  to  ferra 
and  sulfuric  to  hydrogen  sulfide  —  all  this  promotes  incre¬ 
ased  soil  pH. 

The  thickness  of  the  layer  of  water  influences  nitro¬ 
gen  absorption.  Experiments  conducted  (Ghosh  [10])  in  order 
to  establish  water  layer  values  for  intensity  of  growth  and 
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absorption  of  nitrogen  revealed  that  the  content  of  dry 
substance  and  nitrogen  in  rice  roots  is  reduced  with  in¬ 
crease  in  thickness  of  water  layer. 


2.  Morphological  Structure  and  Chemical  Composition 
of  Rice  Root  System 

Under  normal  conditions,  the  root  system  of  the  rice 
plant  is  fairly  compact,  and  its  roots  propagate  horizontal¬ 
ly.  In  two  week  old  plants,  two  types  of  roots  are  readily 
distinguished:  1)  long  soft,  light  chestnut,  highly  branch¬ 
ed,  and  2)  relatively  short,  thick,  unbranched,  with  white, 
waxy  surface.  In  six  weeks  after  planting,  the  white  roots 
begin  to  branch  and  become  weak  and  soft.  The  number  of  these 
white  roots  in  fifteen  day  old  plants  begins  to  increase  and 
continues  increasing  until  flowering.  During  the  plant  ma¬ 
turation  period,  the  root  system  of  the  rice  plant  is  repre¬ 
sented  by  thin,  branched,  and  soft  roots  [ll]. 

The  anatomical  structure  of  the  rice  root  system  has 
been  studied  in  detail  by  Yerygin  and  Yrabchun  [12]  and  Ryab- 
chun  [13].  It  has  been  established  in  this  research  that  the 
integumental  tissues  of  the  roots  in  the  absorption  zone  are 
well  separated,  the  pericycle  and  the  lignifying  cells  of  the 
lignin  parenchyma  which  surrounds  vessels  of  the  prot-  and 
metaxylema  are  differentiated  in  the  central  cylinder  of  the 
root  in  this  area.  In  the  zone  of  aerenchyma  emergence  form¬ 
ed  due  to  breakdown  of  unspeciclized  bark  cells  lignifying 
the  sclerenchymatous  sheath  isolate  the  bark  from  the  sur¬ 
rounding  environment. 

When  the  root  attains  a  length  of  1-2  cm,  mechanical 
elements  begin  to  form  successfully  —  connective  cells  and 
the  sclerenchyma.  With  increasing  separation  from  the  apex, 
the  strength  of  the  mechanical  elements  of  the  root  weaken. 

At  a  distance  of  10-15  cm  from  the  root  apex,  the  layer  of 
the  epidermal  cells  proves  to  be  almost  wholly  degraded,  and 
the  role  of  the  integumental  tissue  is  played  by  the  ^xoderm. 
Still  further  from  the  root  apex,  exodermal  cells  can  also 
be  degraded,  and  the  function  of  the  integumental  tissue  be¬ 
gins  to  be  carried  out  by  the  sclerenchyma. 

When  the  root  obtains  a  length  of  about  30  cm,  the 
aerenchyma  emerges  at  different  sites  of  the  internal  root 
at  a  distance  of  1-5  cm  from  the  embryonic  zone.  With  sep¬ 
aration  from  the  root  tip  the  surviving  cells  of  the  inner 
bark  become  fewer  and  fewer  and  the  central  cylinder  can 
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communicate  in  this  case  with  the  soil  only  through  side 
rootlets. 

Investigation  of  the  layered  distribution  of  the  rice 
root  system  [14]  has  shown  that  82%  of  the  root  lies  within 
the  upper  4  cm  of  soil.  Rice  plants,  in  contrast  to  other 
grasses,  develop  "respiratory”  roots,  which  font  a  thin, 
highly  branched  network  and  spread  horizontally  into  the 
uppermost  layers  of  soil.  These  roots  differ  from  normal, 
deep-lying  roots  by  their  physiological  functions  as  well: 
they  are  adapted  to  absorb  oxygen  and  to  advance  it  through¬ 
out  the  root  system.  Such  roots  appear  in  the  tillering 
phase  and  function  until  ripening  of  grain.  Also  interest¬ 
ing  is  the  fact,  discovered  by  Jamada  and  Iyema  [ 15 ]  in 
studying  the  qualitative  composition  of  the  internal  atmos¬ 
phere  of  rice  plants,  that  diurnal  variations  in  gas  compo¬ 
sition  at  the  base  of  the  root  are  found  to  be  related  to 
the  intensity  of  solar  radiation,  soil  temperature,  and  also, 
as  the  authors  suggest,  periodicity  of  cellular  division. 
Jamada,  Joshio,  and  others  [16],  using  data  on  oxygen  content 
in  the  medium  surrounding  the  root  system  with  limitation  of 
light  and  removal  of  some  of  the  use,  and  also  the  respiratory 
rates  of  these  roots  and  taking  into  account  the  relationship 
between  absorption  of  oxygen  and  its  tension,  had  calculated 
the  amount  of  oxygen  borne  from  the  above-surface  portions 
of  the  plant.  It  was  found  that  1  cm2  of  root  cross  section- 
received  about  0.8  ml  of  oxygen  per  hour. 

Direct  determination  of  oxygen  in  rice  roots  made  by 
Raalte  [ 17 ]  has  shown  that  at  the  base  of  the  roots  aerenchy- 
ma  air  contains  9-14%  oxygen,  and  the  apex  —  the  youngest 
portion  of  the  root  —  several  times  less,  which  is  account¬ 
ed  for  by  the  more  energetic  use  of  oxygen  in  the  process  of 
respiration,  associated  in  its  turn  with  growth  processes. 

The  author  regard  the  main  oxygen  source  to  be  the  above-sur¬ 
face  portion  of  the  plant.  Oxygen  present  in  the  water  in 
a  gaseous  state  is  absorbed  on  a  lesser  scale.  Upper  layers 
or  rice  root  cells  are  permeable  to  it.  According  to  the 
date  of  Raalte  [18],  roots  of  two  month  old  rice  plants  daily 
liberate  1-3  mg  of  oxygen. 

Ab  follows  from  data  of  the  studies  of  Mitsui  [19], 
liberation  of  oxygen  by  rice  roots  is  associated,  on  the  one 
hand,  with  root  metabolic  activity,  in  particular  with  ab¬ 
sorption  of  nitrogen,  phosphorus,  and  potassium,  and  on  the 
other  —  with  the  liberation  of  energy.  Using  the  fact  of 
the  very  high  content  of  acetic  acid,  at  50.7%  (with  28.7% 
organic  acids  of  the  Krebs  cycle) ,  the  author  suggests  the 
possibility  of  the  existence  of  an  ionic  pathway  of  energy 
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liberation  —  the  pathway  of  "glycolic  acid."  When  energy 
is  liberated  in  this  way,  hydrogen  peroxide  is  accumulated, 
which  in  the  presence  of  peroxidase  and  catalase  is  readily 
decomposed  into  water  and  oxygen.  Glycolic  acid  oxidase  vi¬ 
gorously  oxidizes  glycolic  acid  to  glyoxylic.  Thus,  the 
"glycolic  acid  pathway"  is,  in  the  author's  view,  the  most 
probable  source  of  liberation  of  oxygen  by  roots.  Therefore, 
some  of  the  hydrogen  liberated  in  the  rhizosphere,  is  pro¬ 
duced  in  the  roots  themselves  which  is  in  opposition  to  the 
view  of  certain  authors  that  the  oxygen  source  in  the  roots 
is  only  the  above-surface  portion  of  the  plant. 

The  activity  of  catalase  in  rice  roots  is  consider¬ 
ably  less  than  in  leaf  blades  and  the  leaf  sheath  [20].  Ac¬ 
tivity  of  peroxidase  in  early  developmental  phases  is  espe¬ 
cially  high  in  the  roots  and  low  in  leaves.  At  later  devel¬ 
opmental  phases  this  ratio  is  reversed.  These  facts  afford 
the  conclusion  that  the  pathway  of  hydrogen  pproxide  decomp¬ 
osition  in  shootg  and  roots  is  dissimilar  in  early  develop¬ 
mental  phases  of  plants. 

Soldatenkov  and  Chao  Hsien-Tuang  [2l]  regard  trans¬ 
port  of  oxygen  in  plant  sap  as  possible  based  on  correlations 
typical  of  movement  of  assimilates,  in  which  case  the  parti¬ 
cipation  of  the  OV-system  and,  in  particular,  ascorbic  acid, 
polyphenols,  and  also  the  appropriate  enzyme  —  is  assumed. 
Following  reduction  in  roots,  these  compounds  under  anaero¬ 
bic  conditions  can  be  advanced  in  the  opposite  direction  in 
leaves,  where  they  are  oxidized  by  air  oxygen  and  in  the  oxi¬ 
dized  state  return  to  roots,  where  they  are  again  reduced. 

The  protective  action  of  leaves  on  the  root  system  deprived 
of  oxygen  consists  in  supplying  it  with  atmospheric  oxygen 
through  a  conductive  system. 

Usually,  a  healthy  rice  root  is  elastic  and  is  entire¬ 
ly,  with  the  exception  of  the  tip,  covered  by  a  reddish-brown 
film  of  ferric  oxide.  If  hydrogen  sulfide  overcomes  the  oxi¬ 
dizing  capacity  of  rice  roots,  sometimes  with  a  deficiency 
of  active  iron  in  rice  soil,  the  residue  of  ferric  oxide  in 
the  microsoil  cannot  protect  the  roots  from  the  evolving  hy¬ 
drogen  sulfide,  then  the  soluble  sulfide  or  hydrogen  sulfide 
begins  to  penetrate  within  the  root  cells. 

The  investigations  of  Mori  [22]  were  undertaken  to 
study  the  action  of  respiratory  inhibitors  on  the  growth  of 
rice  roots.  Used  as  an  inhibitor  was  a  solution  saturated 
with  hydrogen  sulfide,  which  was  added  to  the  cultivated 
plant.  Young  roots  or  tissues  of  high  metabolic  activity. 
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Oxygen  intensifying  oxidative  processes  engenders 
conditions  for  fuller  utilization  of  organic  acids,  thus  pro¬ 
moting  utilization  of  ammonia  and  its  further  participation 
in  the  synthesis  of  amides  and  other  nitrogenous  organic  com¬ 
pounds.  Therefore,  under  ammonia  nitrogen  conditions  the  in¬ 
crease  in  oxygen  concentration  in  the  root  zone  must  improve 
plant  development  [23], 

Baba  and  Katsumi  [24]  note  that  in  the  phase  of  maxi¬ 
mum  tillering  a  great  number  of  new  roots  appear,  starch 
present  in  abundance  in  tissues  of  the  rootcap  being  expend¬ 
ed  in  their  formation.  Here  also  phosphorylase  is  present 
in  large  amounts.  The  expenditure  of  starch  in  growth  pro¬ 
cesses  also  has  been  confirmed  by  the  fact  that  the  r-rre  in¬ 
tensive  appearance  of  new  roots  with  the  rapid  phosphoroly- 
sis  of  starch  and  inhibited  in  the  case  of  slow  phosphoroly- 
sis  [25].  The  young  roots  are  marked  by  high  respiratory 
intensity,  exhibit  high  activity  of  cytochromoxidase  and  are 
characterized  by  rapid  absorption  of  nitrogen,  phosphorus, 
and  potassium,  the  absorption  maximun  occurring  in  the  tiller¬ 
ing  phase. 

To  study  the  mechanism  of  absorption  of  water  and 
salts  by  the  rice  root  system  Okhaima  [26]  used  plants  in 
which  old  and  young  roots  were  divided  into  two  groups.  Upon 
removal  of  old  roots,  the  young  roots  began  to  more  energe-  ' 
tically  absorb  water  and  the  mineral  salts,  while  when  only 
the  old  roots  were  left,  only  water  absorption  was  intensi¬ 
fied.  The  meristem  of  rice  roots  is  characterized  by  high 
content  of  compounds  and  enzymes  playing  a  large  role  in 
metabolism  of  protein-bound  potassium,  organic  phosphorus 
and  iron,  acidic  and  alkalin  phosphatase,  dehydrogenase,  etc. 
The  energy  supply  in  this  portion  of  the  root  is  low,  account¬ 
ed  for  by  its  rapid  utilization  [27]. 

Using  histochemical  methods  of  investigation,  Kawata 
and  Ishihara  [28]  established  that  in  the  meristem  of  the 
rice  root  tip  two  types  of  cells  are  present:  one  type  with 
high  and  one  with  low  RNA  content.  Cells  rich  in  RNA  grow 
slowly  and  bear  root  hairs.  Cells  poor  in  RNA,  in  contrast, 
grow  rapidly  and  do  not  form  root  hairs.  The  RNA  maximum  is 
bound  in  growing  root  hairs.  In  cells  with  root  hairs  RNA 
is  retained  longer  than  in  other  cells  of  the  epidermis. 
Chemical  analysis  of  an  embryonic  rice  root  1  cm  in  length 
showed  that  nitrogen,  phosphorus,  and  sugar  decrease  in  con¬ 
tent  from  the  root  tip  to  the  base.  The  highest  content  val¬ 
ues  are  located  in  a  5-millimeter  segment  of  the  root  tip. 

The  content  of  hemicellulose  and  cellulose,  in  contrast, 
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lucre  se  from  *oot  tip  1.0  base.  The  content  of  physiologi¬ 
cally  active  compounds  is  reduced  and  the  content  of  compounds 
constituting  the  cellular  membrane  is  increased  [29]  —  with 
age. 


Using  roots  of  9-12-day  old  rice  plants,  Joshida  and 
Takahashi  [ 30]  studied  respiration,  inhibition  and  distribu¬ 
tion  of  enzymatic  activity  in  different  portions  of  the  root 
from  the  tip  to  the  base.  Respiratory  intensity  (Q02)  of  a 
segment  less  than  10  mm  from  the  tip  (meristematic  zone) 
proved  to  be  higher  than  in  a  zone  20-50  mm  from  the  tip 
(elongation  zone).  Here,  respiratory  intensities  almost  half 
as  high  as  in  the  meristematic  zone,  while  in  the  zone  above 
50  mm  (differentiation  zone)  —  still  less.  This  ratio  chan¬ 
ges  when  nitrogen  is  used.  QO2  (N)  in  the  meristematic  zone 
is  relatively  low  and  a  maximum  QO2OO  is  noted  in  the  elon¬ 
gation  zone.  In  the  differentiation  zone,  Q02(N)  is  as  low 
as  QO2.  From  this  fact  follows  the  conclusion  that  the  mer¬ 
istematic  zone  shows  highest  respiratory  activity.  The  re¬ 
spiratory  coefficient  decreases  from  the  meristematic  zone 
to  the  zones  of  elongation  and  differentiation.  Respiration 
in  the  meristematic  zone  is  inhibited  by  azide,  while  in  the 
elongation  zone,  by  8-oxyquinoline.  This  opposing  response 
of  different  zones  to  inhibitors  leads  to  the  conclusion 
that  respiration  in  the  meristematic  zone  proceeds  through 
cy tochromoxidase ,  and  in  the  elongation  zone  through  ascor-  - 
binoxidase.  Determination  of  peroxidase  and  succindehydro- 
genase  showed  that  the  activity  of  the  first  is  lower  in  the 
root  tip  and  increases  considerably  in  a  direction  toward 
the  base,  while  the  activity  of  the  latter,  in  contrast,  is 
localized  at  the  root  tip,  and  its  contents  decreases  in  a 
baseward  direction.  Thus,  the  activity  of  peroxidase  can 
be  an  indicator  of  "senility,"  while  that  of  succindehydro- 
genase  —  of  the  "youth"  of  rice  root  tissues. 

^  r? 

Also  interesting  is  the  characteristic  that  the  ac¬ 
tivity  of  catalase  in  rice  roots  in  early  developmental  pha¬ 
ses  of  the  plant  is  lower  than  in  the  leaf  blades  and  leaf 
sheaths,  while  peroxidase  activity  in  roots  is  higher  [20]. 

In  latent  developmental  phases,  this  ratio  is  reversed.  These 
facts  afford  the  conclusion  that  the  decomposition  pathway  of 
hydrogen  peroxide  formed  in  metabolism  in  shoots  and  roots 
differs  in  early  stages  of  rice  plant  development. 

In  our  study  [31]  it  is  shown  that  the  oxidation-re¬ 
duction  potential  of  rice  roots  averages  six  times  higher 
than  that  of  leaves,  which  points  to  the  predominance  of  ox¬ 
idative  reactions  in  the  former  and  of  reducing  reactions  in 
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the  latter.  Of  interest  is  the  fact  that  a  reciprocal  rela¬ 
tionship  exists  between  the  values  of  the  leaf  and  root  0V- 
potential  (Table  1). 

TABLE  1 

Interrelationship  Between  OV-Potential  of  Rice  Roots 
and  Leaves  (in  millivolts) 


[Legend]:  a)  material  of  investigation; 
b)  onset  of  tillering,  27  June;  c)  til¬ 
lering,  4  July;  d)  shooting;  e)  IQ  July; 
f)  24  J}ily;  g)  before  tasseling,  31  July; 
h)  roots;  i)  leaves. 

TABLE  2 


Interrelationship  Between  Respiratory  Intensity  of 
Rice  Roots  and  Leaves  (in  microliters  of  C>2  per 
gram  of  dry  weight  per  hour) 


[Legend]:  a)  experimental  variant;  b)  ma¬ 
terial  of  investigations;  c)  tillering;  d) 
27  June;  e)  5  July;  f)  shooting,  25  July; 
g)  tasseling,  1  August;  h)  grain  formation 
8  August;  i)  without  fertilizers;  j)  nitro¬ 
gen;  k)  phosphorus;  1)  nitrogen  plus  phos¬ 
phorus;  m)  roots;  n)  leaves. 


Roots  regulate  the  oxidation-reduction  state  of  leaves, 
maintaining  it  at  a  specific  optimum  level  [32],  by  exchange 


of  life  activity  products  of  these  organs.  It  can  be  as¬ 
sumed  that  due  to  intensified  oxidative  reactions  in  roots, 
the  reactions  in  leaves  are  weakened,  and  vice-versa. 

Comparative  study  of  the  respiratory  intensity  of 
roots  and  leaves  of  the  rice  plant  by  the  present  authors 
revealed  that  with  increased  leaf  respiratory  intensity, 
the  intensity  of  root  respiration  is  reduced  (Table  2).  All 
these  facts  point  to  the  existence  in  rice  plants  of  an  in¬ 
timate  interrelationship  between  respiration  and  oxidation- 
reduction  reactions  occurring  in  leaves  and  roots. 

Takashashi  and  Joshida  [33]  have  noted  that  the  con¬ 
centrations  in  organic  nutrients  in  roots  is  usually  lower 
than  in  the  above-surface  portion  in  all  developmental  phases 
however  an  exception  is  represented  by  iron,  whose  concentra¬ 
tion  in  the  roots  is  considerably  higher  than  in  the  above¬ 
ground  portion.  The  concentration  of  nitrogen,  phosphorus, 
and  magnesium  varies  in  the  roots  parallel  to  changes  in  the 
above-surface  portion. 


3.  Physiology  of  Nitrogen  Nutrition  of 
the  Rice  Plant 


A  fairly  large  number  of  studies  have  dealt  with 
problems  of  the  physiology  of  rice  nitrogen  nutrition.  Their 
main  emphasis  has  been  the  study  of  the  effect  of  different 
nitrogen  doses  on  the  content  of  organic  and  inorganic  com¬ 
ponents  of  the  rice  plans  by  developmental  phases  and  by  in¬ 
dividual  organs  in  order  to  determine  the  best  time  for  ap¬ 
plying  nitrogen  top  dressing  and  dosages  to  be  used,  as  well 
as  specific  details  of  the  nitrogen  metabolism. 

It  has  been  found  that  in  the  rice  plant  as  well  as 
in  other  plants,  processes  associated  with  the  absorption 
of  ions  of  mineral  salts  and  other  vital  processes  depend 
on  oxygen  absorption  [34],  However,  these  are  data  which 
indicate  that  when  rice  roots  are  placed  under  anaerobic  or 
almost  anaerobic  conditions,  plants  can  absorb  nutritive 
salts  and  continue  to  grow  satisfactorily.  Zsoldas  [35]  has 
established  that  in  the  rice  plant,  in  contrast  to  barley, 
absorption  of  nitrate  and  phosphate  ions  under  anaerobic  con¬ 
ditions  is  not  inhibited  and  aeration  does  not  yield  a  posi¬ 
tive  effect,  however,  with  removal  of  the  above-portion  of 
the  plant  aeration  begins  to  play  a  positive  role  in  absorp¬ 
tion  of  the  nutrient  elements,  for  when  the  above-surface 
portion  is  removed  uptake  of  oxygen  is  halted.  Anaerobiosis 
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can  also  indirectly  injure  rice  plants  due  to  accumulation 
of  toxic  substances  in  direct  proximity  to  the  roots. 

In  the  total  absence  of  oxygen,  rice  shoots  liberate 
150%  more  carbon  dioxide  than  in  air,  while  under  these  same 
conditions  wheat  shoots  liberate  only  57%  more  [ 14 } .  It  is 
suggested  that  in  this  case,  energy  promoting  growth  pro¬ 
cesses  is  formed  anaerobically  and  can  be  used  more  effec¬ 
tively  than  energy  involved  in  respiration. 

The  adaptivity  of  the  rice  plant  to  anaerobiosis  evi¬ 
dently  is  not  associated  with  special  properties  of  its  re- 
ductional  enzymatic  systems  [36],  The  biological  adaptive¬ 
ness  of  rice  shoots  to  reduced  oxygen  concentration  as  ac¬ 
counted  for,  in  the  view  of  the  authors,  by  the  increased 
activity  of  metal-containing  systems  of  the  cytochrome-cy- 
tochromoxidase  type,  which  can  under  these  conditions  bind 
the  amount  of  air  oxygen  required  for  normal  life  activity. 

Takamashi  and  Janagisawa  [3]  believed  that  there  are 
two  groups  of  ions:  one  group  (ammonium,  nitrates,  phos¬ 
phates,  and  potassium)  are  absorbed  metabolically  and  enter 
into  intimate  relationships  with  the  biological  organization 
of  the  root,  thus  opposing  the  possibility  of  diffusion  from 
the  root  into  the  surrounding  medium  which  is  poor  in  these 
ions;  and  those  in  the  second  group  (silicon,  calcium,  and  - 
magnesium)  are  absorbed  mechanically,  and  for  their  absorp¬ 
tion,  the  concentration  of  the  external  medium  must  be  higher 
than  a  specific  level  with  respect  to  ions  of  this  group. 

The  views  expressed  by  these  authors  are  inaccurate 
and  contradict  the  widely  accepted  viewpoint.  In  many  in¬ 
vestigations  conducted  in  recent  years,  it  has  been  shown 
that  absorption  of  mineral  substances  by  a  plant  is  an  ac¬ 
tive  physiological  process,  which  is  directly  associated 
with  the  life  activity  of  the  root  system  and  the  above-sur¬ 
face  organs  of  the  plants,  and  only  the  initial  stage  of-  . 
absorption  of  cations  and  anions  of  mineral  salts  occurs 
through  physicochemical  adsorption.  This  was  especially 
pointedly  shown  in  the  monograph  of  Kolosov  [37]. 

In  a  work  of  Jamada  and  Ota  [38]  an  analysis  is  made 
of  the  interrelationship  between  respiration  of  rice  roots 
and  their  absorption  of  nitrogen.  It  has  been  established 
that  the  intensity  of  root  respiration  (calculated  per  unit 
dry  substance)  varies  with  age  and  with  the  physiological 
condition  of  the  plant.  The  highest  intensity  of  root  re¬ 
spiration  has  been  noted  in  the  tillering  phase,  then  it  is 
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gradually  reduced  as  the  tasselling  period  is  approached. 

The  intensity  of  nitrogen  absorption  day  by  day  is  fully  in 
agreement  with  the  value  of  root  respiration  and  reaches  the 
maximum  also  during  this  period,  after  which  it  begins  drop¬ 
ping.  In  other  words,  the  increasing  intensity  of  root  res¬ 
piration  involves  increased  intensity  of  nitrogen  absorption, 
while  with  a  decrease  in  respiratory  intensity  the  opposite 
situation  prevails.  However,  with  increased  respiratory  in¬ 
tensity,  no  corresponding  equal  increase  in  nitrogen  absorp¬ 
tion  occurs.  The  reason  for  this  is  that  in  the  latter  de¬ 
velopmental  phases,  the  amount  of  nitrogen  in  the  soil  is  re¬ 
duced  and,  moreover,  the  capacity  for  nitrogen  absorption  is 
considerably  diminished  in  the  growing  plant. 


Fig.  1.  Effective  absorbent  surface  of  root 
systems  of  the  rice  plant  (in  per 
cent  of  total  adsorbing  surface) 

1  —  n60P6Q  kg/hectare;  2  —  N120P120 
hectare;  3  —  N2,dop240  kg/hectare,  10  July 
—  tillering,  20  July  and  25  July  —  shoot¬ 
ing,  10  August  —  flowering,  17  August  — 
formation  of  grain,  25  August  —  milky  ripe¬ 
ness,  4  September  —  waxy  ripeness. 


The  oxidative  properties  of  rice  roots  predominating 
during  the  first  plant  developmental  period  promote  intensive 
absorption  of  ammonia  salts.  With  the  flowering  phase,  re¬ 
duction  reactions  promoting  absorption  of  nitrate  nitrogen 
[39]  begin  to  predominate  in  rice  roots.  The  altering  nature 
of  OV-prooerties  of  rice  roots  has  also  been  noted  in  the 
study  I 40 J .  ‘ 

A  very  important  fact  is  the  existence  of  a  direct  re¬ 
lationship  between  root  pH  and  root  capacity  for  exchange  of 
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mineral  salt  ions.  With  increase  in  pH,  this  capacity  us¬ 
ually  is  reduced  [4l]. 

Our  experiments  [42,  43]  conducted  during  1957-1960 
under  field  conditions  at  the  Azovskiy  Test  Field  of  the 
Donskiy  Zonal  Institute  of  Agriculture  and  at  the  Kuban'  Ex¬ 
perimental  Rice  Station  with  the  Rice  Varieties  Dubovskiy 
129  and  Krasnoarmeyskiy  313,  grown  under  inundation  condi¬ 
tions,  and  in  growing  experiments  conducted  in  Moscow  in  1961, 
established  that  the  highest  effective  absorbing  surface  of 
the  rice  root  system  occurs  in  the  phases  of  tillering  and 
shooting  (Figure  1).  In  this  same  period,  respiratory  pro¬ 
cesses  proceed  most  intensively  in  roots,  that  is,  the  neces¬ 
sary  conditions  for  intensive  absorption  of  mineral  nutrition 
elements  are  produced  (Figure  2). 


© 


s/m  tt/vs  t/m  s/su 


Fig.  2.  Intensity  of  rice  root  respiration 
(in  microliters  of  O2  per  gram  of 
moist  weight  per  hour) 

1  —  without  fertilizer;  2  —  N24Q  kg/hec¬ 
tare;  3  —  Ni0qPi2o  kg/hectare,  5  July  — 
tillering,  11  July  —  shooting,  1  August  — 
tasseling,  8  August  —  grain  formation. 

[Legend]:  a)  microliters. 
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It  was  also  shown  that  excess  nitrogen-phosphorus 
nutrition  (N24op240  kg/hectare  in  the  form  of  ammonium  sul¬ 
fate  and  superphosphate)  considerably  reduce  the  value  of 
the  effective  absorbing  surface  of  the  root  system.  The 
total  adsorbing  and  effective  absorbing  surface  of  the  rice 
root  system  was  best  developed  with  a  moderate  dose  of  ni¬ 
trogen-phosphorus  fertilizers  (N2op20  kg/hectare) . 

It  is  important  to  notice  that  high  ammonium  sulfate 
doses  produced  a  rise  in  root  respiratory  intensity  during 
early  developmental  phases  of  rice  plants  (tillering,  shoot¬ 
ing)  ,  while  in  later  phases  root  respiration  of  these  plants 
proved  to  be  inhibited. 

The  data  we  obtained  (Figure  3)  also  points  out  that 
with  excess  nitrogen-phosphorus  nutrition,  the  OV-potential 
of  roots  shifted  toward  the  side  of  reduction  reactions,  and 
the  pH  value  of  roots  in  this  case  rose  sharply,  which  re¬ 
duced  the  absorbing  capacity  of  the  roots. 

Takahashi  et  al  [44]  has  given  a  clear  picture  of  the 
content  of  organic  and  inorganic  components  of  rice  plants 
supplied  with  different  amounts  of  nitrogen  by  developmental 
phases.  It  is  shown  that  in  the  tillering  phase,  the  products 
of  photosynthesis  in  combination  with  inorganic  substances 
absorbed  by  the  roots  are  converted  into  proteins,  which  are 
then  utilized  by  the  plant  to  form  shoots  and  roots.  During 
this  period,  owing  to  the  abundance  of  nitrogen,  the  leaf 
area  is  substantially  increased,  which  in  its  turn  intensi¬ 
fies  formation  of  carbohydrates  to  the  degree  that  later  the 
roots  are  incapable  of  absorbing  the  corresponding  amount  of 
nitrogen  and  its  relative  quantity  is  reduced,  which  inhibits 
tillering,  and  plants  enter  the  shooting  phase.  During  this 
phase,  absorption  of  nitrogen  is  considerably  reduced,  how¬ 
ever,  the  ratio  of  different  organic  nitrogen  fractions  re¬ 
mains  balanced.  In  the  tasselling  phase,  the  nitrogen  con¬ 
tent  in  the  plant  is  severely  reduced.  Also  altered  is  a 
relative  amount  of  nitrogenous  compounds;  the  amount  of  am¬ 
monia  and  amide  nitrogen  rises  and  the  protein  nitrogen 
content  is  reduced. 

The  intensity  of  nitrogen  absorption  by  the  rice  plant 
reaches  a  maximum  in  two  periods:  in  total  tillering  and  in 
the  tasselling  period,  [45].  Using  nitrogen  labeled  ammonium 
sulfate,  Singh,  Kumazawa,  and  Mitsui  [46]  investigated  the 
rate  of  formation  of  nonprotein  and  protein  nitrogen  and  re¬ 
lationship  between  them  in  the  tasselling  phase.  With  the 
aid  of  N*®  it  was  possible  to  show  that  the  incoming  nitrogen 
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is  readily  incorporated  into  nonprotein  compounds  in  all 
parts  of  the  plant.  NH4+  absorbed  by  the  roots  is  rapidly 
transported  to  the  young  leaves  in  the  form  of  ammonia  or 
amino  acids,  while  only  a  small  portion  of  it  enters  old 
leaves.  In  the  latter,  decay  processes  predominate  over 
synthetic  processes,  therefore  conversion  of  nonprotein  ni¬ 
trogen  into  synthetic  processes,  therefore  conversion  of 
nonprotein  nitrogen  into  protein  here  is  very  weak.  Using 
n!5,  these  authors  also  established  that  the  rate  of  incorp¬ 
oration  of  incoming  nitrogen  into  root  metabolism  is  higher 
than  in  the  remaining  portions  of  the  rice  plant.  Seasonal 
variations  in  nitrogen  content  in  rice  roots  depend  chiefly 
on  the  content  of  soluble  nitrogen  fractions.  The  content 
of  total  nitrogen  remains  constant,  during  all  developmental 
phases  [47].  Variations  in  content  of  solute  nitrogen,  in 
its  turn,  depends  on  the  content  of  amine  nitrogen.  The  re¬ 
sults  of  the  experiments  of  these  authors  afford  grounds  for 
suggesting  that  the  initial  synthesis  of  different  amino 
acids  occurs  in  the  roots.  During  the  period  when  the  plants 
are  supplied  with  nitrogen  through  the  nutrient  medium,  in 
rice  roots  the  ammoniacal  nitrogen  content  is  higher  than  in 
the  shoots.  Accumulation  of  ammoniacal  nitrogen  in  roots  is 
probably  due  to  active  penetration  and  not  to  passive  diffu¬ 
sion,  and  serves  as  a  source  of  amino  acid  synthesis. 

Tanaka,  Patnaik,  and  Abichandani  [47]  studied  the  ef¬ 
fect  of  four  nitrogen  levels:  1)  deficiency  —  (10  mg/litez)  ; 
2)  normal  (20-40  mg/liter);  3)  abundant  (60  mg/liter);  4) 
excess  (60  mg/liter)  [sic]  —  on  accumulation  of  dry  substance 
and  grain  yield.  It  was  found  that  the  deficiency  of  nitro¬ 
gen  utilization  for  grain  formation  is  high  up  to  a  concen¬ 
tration  of  40  mg/liter.  Higher  nitrogen  doses  result  in  in¬ 
hibited  protein  synthesis,  where  a  large  amount  of  solut  and 
nonprotein  nitrogen  is  formed,  which  unfavorably  affects 
grain  formation. 

A  dynamic  equilibrium  exists  between  synthesis  of-  pro¬ 
tein  from  absorbed  nitrogen  and  its  decomposition.  If  synthe¬ 
tic  process  are  more  energetic,  adsorbed  nitrogen  is  rapidly 
converted  into  protein  compounds,  which  promotes  a  higher 
grain  yield. 

Thus,  Sibuya  [49]  has  shown  that  the  absorption  of 
ammonia  salts  leads  to  intensified  synthesis  of  nitrogen 
compounds,  somewhat  retarding  photosynthesis  and  root  forma¬ 
tion  due  to  the  intensified  ATP  [adenosinetriphosphate]  re¬ 
quirement  in  the  synthesis  of  these  compounds. 
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Fig.  3.  Oxidation-reduction  potential  (A)  and 
pH  (B)  of  rice  roots 

1  —  N6qP60  kg/hectare;  2  —  Ni20p120  kg/hec- 
tare;  3  —  ^240^240  kg/hectare.  2  July,  9 
July,  and  15  July  —  tillering,  25  July  and  4 
August  —  shooting,  11  August  —  flowering. 


As  the  result  of  experiments  conducted  by  Ishizuka  and 
Tanaka  [50]  in  order  to  find  the  optimum  nitrogen  dosage  for 
wet-grown  rice,  three  categories  of  conditions  have  been  es¬ 
tablished:  1)  inadequate  nitrogen  nutrition  —  up  to  5  mg  of 
nitrogen  per  liter;  2)  normal  —  5-60  mg  per  liter;  3)  ex¬ 
cess  —  above  60  mg.  The  best  conditions  for  maximum  rice 
yield  are  produced  in  the  transition  from  normal  to  excess 
nutrition.  The  factor  of  increased  nitrogen  content  in  the 
grain  approximates  the  optimal  conditions  of  nitrogen  nutri¬ 
tion. 


In  a  large  study  on  absorption  of  nutrient  elements 
by  rice  plants  Mitsui  and  Kamazawa  [ 5 1 ]  have  show  that  when 
there  is  a  nitrogen  or  phosphorus  deficiency,  the  intensity 
of  root  respiration  is  reduced,  while  it  rises  for  potassium 
deficiency.  The  latter  is  accounted  for  by  the  increased 
requirement  of  degrading  products  of  metabolism.  The  authors 
proposed  the  existence  of  two  pathways  for  organic  acid  metab¬ 
olism.  One  of  these  —  the  tricarboxylic  acid  cycle  and  the 
other  is  the  pathway  of  glycolic  acid  oxidation.  Acetic  acid 


accumulating  in  large  amounts  can  serve  as  the  starting  re¬ 
agent  for  both  pathways.  At  each  phase  of  oxidation  in  the 
glycolic  acid  pathway  one  mole  of  hydrogen  peroxide  is  lib¬ 
erated,  which  can  be  used  in  the  oxidation  of  the  rhisosphere 
in  the  same  form  or  degraded  under  the  action  of  catalase 
into  oxygen  and  water. 

There  are  indications  [52]  that  when  there  is  a  nitro¬ 
gen,  phosphorus,  and  potassium  deficiency,  the  total  organic 
acid  content  is  reduced  from  80  to  24  milliequivalents/100 
grams.  Acetic,  glycolic,  fumaric,  succinic,  oxalic,  malic, 
aconitic,  citric,  isocitric,  tartaric  and  lactic  acids  have 
been  detected  in  organic  acid  fractions,  while  the  proportion 
of  acetic  acid  accounts  for  40-80%  of  the  total  organic  acid 
contents. 

Temperature  of  soil  and  nutrient  solution  also  affects 
absorption  of  nutrients  and  nitrogen  metabolism  of  rice 
plants.  Baba,  Takahashi,  and  Iwata  [53]  have  noted  that  when 
the  temperature  pf  cultural  solutions  shifts  above  or  below 
the  optimal  (30*)  absorption  of  nutrients  in  water  is  worsen¬ 
ed,  the  content  of  ammoniacal,  amide  and  solute  nitrogen  is 
increased,  and  the  content  of  protein  nitrogen  decreased. 

Hirose  and  Goto  [54],  investigating  two-week  old  rice 
shoots  as  to  their  capacity  to  absorb  urea  and  ammonium  ions, 
established  that  absorption  of  ammonia  increases  wit?  incre¬ 
ased  nitrogen  content  in  the  nutrient  solution  to  0.002%  and 
further  increase  in  NH4+  content  in  the  medium  does  not  bring 
about  increased  absorption  as  far  as  0.008%  conten..  At  high¬ 
er  concentrations,  the  value  of  NA4  absorption  is  reduced. 
Intensity  of  urea  absorption  increases  with  its  increased 
content  in  the  nutrient  medium  to  as  high  as  an  0.025%  con¬ 
centration.  The  authors  proposed  that  the  mechanism  of  urea 
absorption  is  a  simple  diffusional  process  in  contrast  to 
the  process  NHa+  absorption,  which  occurs  through  formation 
of  complexes  of  ammonia  carriers.  —  . 

4.  Specifics  of  Nitrogen  Metabolism  in  the  Rice  Plant 
and  Mechanism  of  Ammonia  detoxification 


Rice  plants  grown  under  inundation  conditions  are 
marked  up  specific  details  of  nitrogen  metabolism.  For  ex¬ 
ample,  alanine  can  be  accumulated  in  amounts  of  50-60%  of 
total  free  amino  acid  content.  It  is  believed  that  the 
transport  of  nitrogen  in  the  rice  plant  occurs  chiefly  in 
the  form  of  alanine,  pyruvic  acid  being  its  source  of  syn¬ 
thesis.  It  is  of  interest  that  the  specific  accumulation  of 
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alanine  is  observed  when  rice  is  cultivated  without  inunda¬ 
tion  [55].  Kretovich  and  Kasparek  [56]  have  shown  that 
alanine  is  one  of  the  most  important  compounds,  in  the  form 
of  which  ammonia  salts  entering  the  plant  are  assimilated 
and  converted  into  organic  form.  As  also  true  of  the  pre¬ 
vious  author,  the  authors  just  cited  have  arrived  at  the 
conclusion  of  the  exceptionally  high  capacity  of  rice  plants 
for  alenine  synthesis  from  pyruvic  acid.  Noteworthy  is  the 
energetic  participation  of  i -aminobutyric  acid  in  the  pro¬ 
cess  of  reamination.  The  synthesis  of  alenine  from  sodium 
pyruvate  is  accompanied  in  the  rice  plant  by  appreciable  con¬ 
sumption  of  ‘f-aminobutyric  acid  and  asparagine. 

Mitsui  and  Hirata  [57]  have  found  that  Krebs  cycle 
acids  increase  absorption  of  NH4+  and  phosphorus.  Acetate 
and  glycolate  at  a  concentration  of  3  •  10~3  mole  consider¬ 
ably  stimulate  adsorption  of  potassium  and  only  slight  change 
or  in  fact  inhibit  absorption  of  NH4+  -  N  and  phosphorus. 

Under . these  conditions,  acetate  and  glycolate  as  proposed, 
are  metaboliz  d  by  another  pathway  than  the  Krebs  cycle.  As¬ 
paragine,  as  well  as  alanine,  can  be  the  transport  form  of 
nitrogen  [46],  In  addition,  based  on  its  content  in  the 
plant,  the  necessity  of  nitrogen  top  feeding  can  be  quite 
precisely  determined,  since  its  amount  is  in  close  agreement 
with  nitrogen  nutrition  of  the  rice  plant  [58]  and  depends 
on  the  NH4+  content  and  oxygen  pressure  in  the  surrounding 
medium  [5b]. 

Using  as  nitrogen  sources  amino  acids  and  the  amides: 
aspartate,  glutamate,  glycine,  valine,  leucine,  asparagine, 
and  glutamine,  and,  investigating  their  assimilation  and 
transport,  Saio  et  al  [59]  succeeded  in  showing  that  all 
these  compounds  are  better  utilized  than  NH4-N  at  a  concen¬ 
tration  of  0.0004%.  Alanine  and  glutamine  appear  first  in 
the  sap  of  the  plach.  Shimoda  [60]  holds  that  valine,  leu¬ 
cine,  and  phenyl-alanine  are  almost  wholly  unabsorbed  by 
rice  plants,  while  methionine  acts  toxically.  Whatever  ni¬ 
trogen  source  is  used,  the  bleeding  sap  [pasoka]  is  always 
rich  in  alanine,  glycine,  asparagine,  and  glutamine.  L-  and 
d-  alanine,  d-lysine  and  glycine  are  absorbed  more  intensive¬ 
ly.  Asparagine  and  glutamine  are  contained  in  large  amounts 
in  the  bleeding  sap,  as  well  aspargic  and  glutamic  acids. 

Mitsui,  Kumazawa  [61],  Mitsui,  Nodzawa  [62],  and  Ozaki, 
Tai  [63]  have  shown  that  with  intensified  nitrogen  nutrition 
the  content  of  the  free  amino  acids  especially  alanine,  val¬ 
ine,  arginine,  and  asparagine,  are  increased  to  a  greater  ex¬ 
tent  than  other  amino  acids,  and  that  of  glutamic  and  aspargic 
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acids  considerably  less  than,  for  example,  valine,  alanine, 
etc.  Sometimes  the  former  are  not  found  at  all.  The  authors 
account  for  this  by  the  fact  that  these  amino  acids  are  en¬ 
ergetically  utilized  in  reamination  reactions.  The  forma¬ 
tion  of  arginine  has  been  noted  in  the  inhibition  of  protein 
compound  synthesis,  in  this  case  being  suggested  that  argen- 
ine  is  one  of  the  forms  of  nitrogen  accumulation.  It  is  em¬ 
phasized  that  what  importance  from  the  viewpoint  of  root 
physiology  is  played  by  the  decrease  or  increase  in  free 
amino  acid  content  is  as  still  very  unclear. 

Study  of  the  assimilation  of  ammoniacal  nitrogen  of 
rice  plants  over  brief  intervals  of  time  following  the  use 
of  N5  0  (1  and  6  hours)  has  shown  that  in  one  hour  (NlS  iS 
detected  only  in  the  nonprotein  fraction  of  roots  and  leaves, 
in  6  hours  —  in  the  protein.  The  concentration  of  of 
ammoniacal  nitrogen  in  protein  hydrolysates  was  higher  than 
in  protein,  which  pointed  to  the  possibility  of  its  ready  in¬ 
corporation  in  protein  molecules  [64], 

Based  on  experiments  conducted  in  sterile  cultures, 
Chakaraborty  and  Sen  Gupta  [65]  have  concluded  that  rice 
plants  under  conditions  of  nitrogen  starvation  are  capable 
of  absorbing  molecular  nitrogen  from  the  atmosphere. 

A  relatively  small  number  of  studies  have  dealt  with 
the  effect  of  high  nitrogen  doses  on  metabolism  and  morpho¬ 
logy  of  the  root  system. 

The  study  of  the  effect  of  nitrogen  nutrition  level 
on  absorption  of  nutrients  by  rice  plants  has  shown  that 
excess  absorption  of  nitrogen  at  early  stages  inhibits  its 
further  uptake,  which  is  due  to  the  reduced  absorptive  capa¬ 
city  of  roots  and  leads  to  poor  nutrition  of  plants  in  later 
developmental  phases.  Excess  nitrogen  doses  adversely  af¬ 
fect  root  system  development.  Roots  become  short,  thin, 
fibrous,  their  root  hairs  are  totally  lacking  [40,  48].  ' 

The  results  of  experiments  on  the  different  concentra¬ 
tions  of  ammoniacal  nitrogen  in  rice  plants  [66]  have  shown 
that  in  comparison  with  controlled  plants,  the  ratio  of  roots/ 
shoots  at  increased  concentrations  varies  considerably  in 
favor  of  the  shoots.  With  increased  ammonium  ion  concentra¬ 
tion,  in  the  nutrient  medium,  the  content  of  free  ammonium 
ions  both  in  roots  and  in  shoots  rises.  It  is  important  to 
note  that  the  NH,|+  content  is  considerably  higher  in  roots 
than  in  shoots.  Except  for  toxic  doses,  increases  nitrogen 
doses  beneficially  affects  shoot  growth,  while  root  growth 
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is  attenuated.  The  author  accounts  for  the  different  action 
of  high  nitrogen  doses  on  root  and  shoots  by  the  high  NH4+ 
content  in  roots.  In  addition,  only  a  small  portion  of  the 
NH4+  absorbed  by  roots  reaches  the  shoots.  The  author  be¬ 
lieves  that  the  borderline  between  the  toxic  action  of  in¬ 
creased  doses  of  ammonium  sulfate  depends  on  the  physiolog¬ 
ical  condition  of  the  plant  —  intensity  of  photosynthesis, 
respiration,  and  absorption  of  nutrients. 

Varga  and  Zsoldos  [67]  have  suggested  that  ammonia 
affects  functions  of  enzymes  associated  with  compounds  con¬ 
trolling  growth.  Measurement  of  the  activity  of  oxidase 
of  indolylacetic  acid  and  the  action  of  ammonia  on  it  has 
shown  that  the  latter  inhibits  its  activity.  With  increase 
in  ammonium  concentration  abnormal  accumulation  of  auxins 
in  root  tissues  occurs,  which  results  in  inhibited  root 
growth . 


Also  of  much  interest  and  importance  is  the  fact  that 
change  in  OV-reactions  occurring  in  rice  roots  subjected  to 
nitrogen  deficiency  [68].  The  reducing  capacity  (with  re¬ 
spect  to  H2S  formation)  reaches  a  peak  ii  the  earing  period 
and  is  observed  only  for  a  nitrogen  deficiency.  Roots  ex¬ 
periencing  nitrogen  deficiency  are  almost  marked  by  high 
capacity  to  reduction  of  nitrates  and.  a  weak  capacity  to  oxi¬ 
dation  of  esculin.  It  is  shown  that  with  a  decrease  in  nit¬ 
rogen  content  at  the  stem  base,  less  than  1%  root  growth  is 
held  up.  In  this  case,  the  nitrogen  content  in  the  roots 
themselves  is  1.5%.  If  the  nitrogen  content  at  the  stembase 
is  greater  than  1.5%,  it  is  utilized  chiefly  in  the  formation 
of  new  roots. 

Also  unique  are  the  pathways  of  ammonia  detoxification 
in  the  rice  plant.  Several  studies  have  dealt  with  the  toxic 
effect  of  ammonia  given  excess  nitrogen  nutrition  of  rice 
plants,  including  those  of  Malavolta  [69]  and  Zsoldos  [70, 
7l].  The  former  found  substantial  accumulation  of  ammonia 
in  4-week  old  rice  plants  supplied  with  ammonia  nitrogen. 
Abnormal  accumulation  of  ammonia  was  not  accompanied  by  in¬ 
creased  asparagine  and  glutamine  content,  which  suggested  to 
the  author  that  the  usual  mechanism  of  ammonia  detoxification 
by  formation  of  amide  is  inoperative  at  this  developmental 
stage.  Confirmation  of  this  was  the  fact  that  the  same  plants 
a  week  later  had  a  still  higher  ammonia  content,  but  with  a 
considerably  higher  amide  fraction.  This  result  led  the 
author  to  propose  the  hypothesis  that  one  of  the  modes  of 
ammonia  detoxification  in  rice  plants  is  the  reoxidation  of 
reduced  forms  of  nitrogen. 
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In  order  to  elucidate  the  utilization  and  detoxifica¬ 
tion  of  ammonia  by  plant  tissues  Zsoldos  [70]  studied  the 
effect  of  different  doses  of  ammonia  fertilizers  on  nitro¬ 
gen  metabolism  of  rice  plants.  The  author  estimated  the  up¬ 
take,  binding,  and  transformation  of  ammonia  from  the  con¬ 
tent  of  different  amino  acids  in  individual  plant  organs. 

He  found  that  peptides  are  accumulated  in  the  largest  amount, 
followed  by  asparagine  and  glutamine.  This  suggested  the 
hypothesis  that  the  primary  ammonia  acceptor  are  the  pep¬ 
tides,  while  asparagine  and  glutamine  appear  in  the  reamina- 
tion  process.  Along  with  an  increase  in  ammonia  concentra¬ 
tion  in  the  external  solution,  the  alanine  and  asparagine 
content  in  the  stem  is  increased.  In  a  following  study  Zsal- 
dos  [71]  showed  that  increasing  nitrogen  doses  first  of  all 
inhibit  root  growth.  For  example,  when  excess  nitrogen  doses 
are  applied,  the  dry  weight  of  roots  is  reduced  by  one-third. 
At  very  high  nitrogen  doses,  further  accumulation  of  alanine 
is  halted,  and  in  this  case  the  deterimental  effect  of  am¬ 
monia  on  root  systems  is  clearly  evidenced.  An  inverse  pro¬ 
portional  relationship  has  been  observed  between  content  in 
roots  of  free  alanine  and  ammonia. 

Studying  the  effect  of  nitrogen  doses  on  the  mechanism 
of  ammonia  detoxification  in  rice,  Yerygin  and  Aleshin  [72] 
have  noted  that  detoxification  in  rice  stem  proceeds  through 
the  amides  and  arginine.  Alanine,  aspargic,  and  glutamic  acid 
represent  only  auxiliary  assistance  in  this  mechanism.  The 
mechanism  of  ammonia  detoxification  in  rice  roots  is,  however, 
associated  with  alanine  formation. 


Conclusions 


1.  Oxidation  by  rice  roots  of  surrounding  soil  and 
which  reducing  processes  predominate  is  an  adaptive  reaction 
characteristic  of  rice  plants.  Evolution  of  oxygen  by  rice 
roots  is  associated  with  the  absorption  of  nitrogen,  phosphoxv 
us,  and  potassium. 

2.  Rice  plants  in  contrast  to  other  grasses  develop 
'’respiratory’’  roots,  which  spread  horizontally  in  the  upper¬ 
most  layers  of  soil.  These  roots  are  adapted  for  absorption 
of  oxygen  and  its  transport  through  the  root  system. 

3.  Nitrogen  nutrition  of  rice  plants  is  chiefly  de¬ 
termined  by  the  dynamics  of  ammoniacal  nitrogen  in  soil, 
since  building  up  a  layer  of  water  leads  to  leaching  of  the 
nitrate  nitrogen. 
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4.  The  highest  value  of  effective  absorbing  surface 
of  rice  root  system  is  shown  in  the  tillering  and  shooting 
phases.  During  this  period,  processes  of  respiration  pro¬ 
ceed  most  intensively  in  roots,  that  is,  conditions  are  es¬ 
tablished  for  intensified  absorption  of  mineral  nutrition 
elements.  With  excess  nitrogen-phosphorus  nutrition,  the 
development  of  the  effective  absorbing  surface  of  the  root 
system  is  inhibited.  In  this  situation,  the  oxidation-re¬ 
duction  potential  of  roots  is  shifted  toward  the  side  of 
reduction  reactions,  while  their  pH  values  rise  sharply, 
also  reducing  the  absorbing  capacity. 

5.  The  oxidation-reduction  potential  or  rice  roots 
averages  six  times  higher  than  that  of  leaves,,  which  eviden¬ 
ces  the  predominance  of  oxidative  reactions  ip  the  former 
and  of  reduction  in  the  latter.  A  reciprocal  relationship 
exists  between  values  of  oxidation-reduction  potential  of 
leaves  and  roots.  Here,  roots  regulate  the  oxidation-reduc¬ 
tion  state  of  leaves,  maintaining  it  at  some  specific  opti¬ 
mal  level. 

6.  There  is  a  reciprocal  relationship  between  pH 
values  of  roots  and  their  capacity  for  exchange  of  mineral 
salt  ions.  With  increase  in  pH  values,  this  capacity  is 
usually  reduced. 
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